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Description 

FIELD OF THE INVENTION 

5 [0001] The present invention relates to a method of manufacturing an organic electroluminescent (EL) element, an 
organic EL element, and an organlc'EL display device. 

BACKGROUND ART 

10 [0002] An organic EL element is an element which has a configuration tn which a thin film containing a fluorescent 
organic compound is held between a cathode and an anode. In the organic EL element, electrons and holes are injected 
from the respective electrodes into the thin film to generate excltons through the recomblmation of the electrons and 
holes . The organic EL element produces luminescence fcyy utilizing emission of light (fluorescence or phosphorescence) 
at the deactivation of the excitons. 

IS [0003] The features of the organic EL element is that it is possible to obtain a high intensity surface luminescer>ce 
on the order of 1 00 to 1 00,000 cd/m^ at a low voltage of less than 1 0V, and that it is possible to produce luminescertce 
of from blue to red by the selection of the kind of fluorescent material. 

[0004] The organic EL element Is drawing attraction as a device for realizing a large area full color display element 
at a low cost (see. Technical Reports of the Society of Electronic Information and Communications, Vol. 89, No. 106. 
20 1 989, p. 49). According to the report, bright luminescence of blue, green and red were otitatned by forming a luminescent 
layer using an organic luminescent material which emits strong fluorescence. This fact is considered to mean that it is 
possible to realize a high brightness full color display by using an organic coloring matter which emits strong fluores- 
cence in a thin film state and has less pin hole defects. 

[0005] in addition, in Japanese Laid-Open Publication No. Hei 5-78655, there is proposed to use an organic lumi- 
25 nascent layer containing a luminescent material which is formed of a mixture of an organic charging material and an 
organic luminescent material, thereby obtaining a high brightness full color element by preventing quenching due to 
higher concentration as well as expanding the latitude in the selection of the luminescent material. 
[0006] Further, in Appl. Phys. Lett. Vol. 64, 1994, p. 815, it is reported that a white luminescence was obtained by 
using polyvinyl carbazole (PVK) as a luminescent material and doping it with coloring matters corresponding to three 
30 primary colors R, O and B. However, in neither of the above references, the configuration or the method of manufacture 
of an actual full color display panel is not shown. 

[0007] In the organic thin film EL elements using the organic luminescent materials described above, in order to 
realize a full color display device, it is necessary to arrange organic luminescent layers which emit any one of the three 
primary colors for the respective pixels . However, there is a problem In that a polymer or precursor that fomis the 
35 organic luminescent layer lacks a sufficient resistance to a patterning process such as photolithography, so thsrt it Is 
very difficult to carry out patteming with highly precision. 

[0008] Further, when several organic layers are to be formed by a vacuum deposition method, it takes a long time. 
Therefore, such a method cannot be said to be an efficient method of manuf£u:turing the element . 

40 SUMMAY OF THE INVENTION 

[0009] It is an object of the present invention to provide a method of manufacturing an organte EL element whteh 
makes it possible to carry out patteming easily and precisely, can attain optimization of a film design in a simple manner, 
and has excellent luminescence characteristics, as well as to provide an organic EL element and an organte EL dispiay 
45 device. 

[001 0] Thus, according to one aspect of the present invention, there is provided a method of manufacturing an organic 
EL element, comprising: 

forming first electrodes on or above a transparent substrate; 
so forming a luminescent layer on each of the first electrodes or a layer formed on or above each of the first el^:trodes 

by discharging a liquid composltk>n including an organte emitting material by means of an ink jet method; 
forming a second electrode on or above the luminescent layers; and 
disposing a protective material on or above the second electrode. 

55 [001 1] According to another aspect of the present invention, there is provided an organte EL devtee, comprising: 

- a transparent substrate; 

first electrodes provided on or above the transparent substrate; 
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a luminescent layer formed of an organic emitting material on or at>ove each of the first electrodes, an edge of the 
luminescent layer being positioned within an area occupied by the respective first electrode; 
a second electrode on or above the luminescent layers; and 
a protective film formed on or above the second electrode. 

5 

[0012] In the present invention, it is preferable that the organic compound Is a polymer organic compound. In this 
case, it is preferable that the polymer organic compound is a hole injection and transfer type material. Preferably, such 
a polymer organic compound is a potyparaphenylene vinylene or Its derivative or a copolymer which contains at least 
either one of these compounds. 
10 [001 3] In this connection, when an organic luminescent material itseif is not a hole injection and transfer type material, 
as is the case In the akx>ve-mentioned polymer organic compourKi, it is possible to add a hold injection and transfer 
type materisd to the luminescent layer in addition to the luminescent material. 

[0014] Further, it is also preferred that three luminescent layers having different colours are formed, in which the at 
least two colours out of the luminescent layers of three X50lours are pattemed by means of an ink-jet method. The three 
IS colours are red, green and blue, and it is preferable that the red luminescent layer and the green luminescent layer 
are patterned by means of an ink-jet method. In this case, it is more preferable that the blue luminescent layer is formed 
by a vacuum deposition method. Further, it is preferable that the blue luminescent layer is made of an electron injection 
an6 transfer type material, such as an aluminium quinolinol complex. 

[0015] tn the manufacturing method for the organic EL element according to the present inventton. it is preferable 
20 that at least one luminescent layer Is laminated with a hole injectton and transfer layer, and it is also preferable that a 

protective film is formed on the counter electrode. 

[0016] In the manufacturing method for the organic EL element of the present invention, it is preferable that the 
transparent substrate is provided with thin film transistors for driving respective pixels. 
[0017] Further, it is preferable that the pixel electrodes are formed into a transparent pixel electrode. 
25 [0018] Furthermore, the organic EL element of the present invention is provided with a transparent suk)stfate, pixel 
electrodes formed on the transparent substrate, at least one luminescent layers having a certain color and made of an 
organic compound, the luminescent layer t)eing pattemed on the pixel electrodes by an ink-jet method, and a counter 
electrode formed on the luminescent layer. 

[0019] It is preferable that the organic compound is a polymer organic compound, and it is more preferable that the 
30 polymer organic compound is a hole injection and transfer type material. 

[0020] Moreover, it is preferable that the polymer organic compound is a polyparaphenylene vinylene or its derivative 
or a copolymer containing at least one of them. 

[0021] It is preferred that the at least luminescent layer includes three layers having different three colors, and it Is 
preferable that two layers thereof in the luminescent layers of three colors are pattemed by an ink-jet method. The 
3S three colors are red, green and blue, and it is more preferable that the red luminescent layer and the green luminescent 
layer are separately pattemed by an ink-jet method. In this case, It is more preferable that the blue luminescent layer 
is formed by a vacuum deposition method. 

[0022] It is preferable that the blue luminescent layer is made of an electron injection and transfer material. As for 
such a blue luminescent layer, a layer containing an aluminum <^uinolynol complex can be mentioned. 
40 [0023] Moreover, it is preferable that at least one luminescent layer is laminated with a hole injection and transfer 
type layer, and it is more preferable that a protective film is formed on the cathode. 
[0024] Furthemnore, it is preferable that the pixel electrodes are formed into a transparent pixel electrode. 
[0025] Moreover, the organic EL display devtoe according to the present invention is characterized in that it includes 
the organic EL element described in the above. 

45 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0026] 

SO Fig. 1 is a secttonal view which shows a first embodiment of a manufacturing method for an organic EL element 

according to the present invention. 

Fig. 2 is a sectional view which shows a second emtXDdiment of a manufacturing method for an organic EL element 
according to the preset invention. 

Fig. 3 is a sectional view which shows a third emt)Odlment of a manufacturing method for an organic EL element 
55 according to the present invention. 

Fig. 4 is a sectional view which shows a fourth emt>odiment of a manufacturing method for an organic 'EL element 
— according to the present inventiofL 

Fig. 5 IS a sectional view which shows a fifth embodiment of a manufacturing method for an organic EL element 
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according to the preset Invention. 

Fig. 6 is a sectional view which shows an example of the organic EL elenrvent according to the present invention. 
Fig. 7 is a sectional view which shows an example of an organic EL display device using the organic EL element 
according to the present invention. 
5 Fig. 8 is a diagram which shows an example of an active matrix type organic EL display device using the organic 

EL element according to the present invention. 

Fig. 9 is a sectional view which shows an example of a manufacturing method of the active matrix type organic 
EL display device. 

Fig. 10 is a perspective view which shows an example of a configuration of a head for an ink-jet method which ts 
10 used in the manufacturing method of the organic EL element aca^rding to the present invention. 

Fig. 11 is a sectional view of the nozzle part of the head for an inlc-jet method which is used in the manufacturing 
method of the organic EL element according to the present invention. 

Fig. 12 is a diagram which shows another embodiment of an organic EL display device according to the present 

invention. 

IS Fig. 1 3 is a schematic perspective view of £in organic EL display device according to the present invention. 

Fig. 14 is a diagram which shows an example of the waveform of the driving voltage applied to the electrodes. 
Fig. 1 5 is a partial sectional view which shows another eml^odiment of an organic EL element according to the 
present invention. 



20 PREFERRED EMBODIMENTS OF THE INVENTION 



[0027] In the following, the manufacturing method of the organic EL element and the organic EL element according 
to the present Invention will be described in detail based on the preferred emtx>diments shown in the accompanying 
drawings. 

25 [0028] Fig. 1 shows a first embodiment of the manufacturing method of the organic EL element according to the 
present invention. This figure shows the manufacturing method of a full color organic EL element with three colors. As 
shown in the figure, this invention is directed to a method of manufacturing an organic EL element which comprises a 
step of forming pixel electrodes 101, 102 and 103 on a transparent substrate (transparent support) 104, a step of 
patteming luminescent layers 1 06 and 1 07 which are made of organic compounds on the respective pixel electrodes, 

30 and a step of fonning a cathode 113, wherein the method is characterized in that the formation of the luminescent 
layers is carried out by means of an ink-jet method. 

[0029] The transparent substrate 104 functions not only as a support but also as a surface through whrch light Is 
taken out. Accordingly, the material for the transparent substrate 1 04 is selected by taking the light-permeability, thermal 
stability and the like into conskJeration. As for examples of the material to t>e used for the transparent substrate, glass, 
35 transparent plastic or the like can be mentioned, and among these materials, a substrate made of glass is partteulariy 
preferable in view of its excellent heat resistance. 

[0030] In more details, the first, pixel electrodes 101 , 1 02 and 1 03 are formed on the transparent substrate 104. As 
for examples of methods of forming these pixel electrodes, photolithography, vacuum deposition nriethod, sputtering 
method and pyrosol method can be mentioned. Among these methods, the photolithography is particularly preferable . 
40 As for these pixel electrodes , it is preferred that they are formed into transparent pixel electrodes. As for the materials 
constituting the transparent pixel electrodes, a tin oxkje f ilm, an ITO ( indium tin oxide) film and a composite oxide film 
of indium oxide and zinc oxide can be mentioned. 

[0031] Next, partitioning walls (banks) 1 05 are formed to fill the spaces between the pixel electrodes. 

[0032] In this way, it is possible to improve the contrast, to prevent mixing of cotors of the luminescent materials, and 

45 to prevent light from leaking between the pixels. 

[0033] As for the materials constituting the banks 105, no particular limitation is imposed, if they have a resistauice 
to the solvent for the EL material. For example, organic material such as acrylic resin, epoxy resin, photosensitive 
polyimide and the like; and inorganic material such as liquid glass and the like can be mentioned. In this regard, it is 
to be noted that the banks 105 may be formed into a black resist which is formed by mixing carbon black and the like 

50 into the above-mentioned material. 

[0034] As for examples of the forming method for the banks 105. photolithography and the tike can be menttoned. 
[0035] Further, organic luminescent layers are formed resi^ectively on the pixel electrodes according to a predeter- 
mined pattern. In this case, it is preferable to provide organic luminescent layers with three color types. In this connec- 
tion, it is preferred that at least one layer among these organic luminescent layers is formed by an ink-jet method. 

55 [0036] In the embodiment shown in Fig. 1 , a red luminescent layer 1 06 and a green luminescent layer 1 07 are formed 
on the pixel electrodes 101 and 102, respectively, by the ink-jet method. 

[00371 I n th e above descriptioris, the term '4nk-}et method' j& used tameaaa jmetbod of lormlng a pixel of one of the 
three primary colors including red. green and blue or a pixel of at least one color which is intermediate t)etween the 
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primary colors by dissolving or dispersing a luminescent material in a solvent to obtain a discharge liquid and then 
discharging the discharge liquid from a head 110 of an ink-jet device 109. 

[0038] According to such an ink-jet method, It Is possible to carry out fine patterning in a simple manner and in a 
short time. Further, it is also possible to control easily and freely the luminescent characteristics such as color balance 
5 and brightness (luminance) by adjusting the thtekness of the layer through adjustment of the discharge amount of the 
Ink or by adjusting the ink concentratton. 

[0039] When the organic luminescent materials are conjugated polymer precursors described later, the luminescent 
layers are formed by discharging the luminescent materials by the ink- jet method to carry out patterning, and then 
conjugating (to form a film) the precursor components by heating or Irradiation with light or the tike. 
10 [0040] Next, as shown in Fig. 1 , a blue luminescent layer 108 is formed on the red luminescent layer 106, the green 
luminescent layer 107 and the pixel electrode 103. In this way, it Is possible not only to form layers having the three 
primary colors including red, green and blue, but also to bury the level differences between the banks 105 and each 
of the red luminescent layer 106 and the green luminescent layer 107 so as to t>e flattened. 

[0041] No particular limitation is imposed upon the forming method for the blue luminescent layer 108, and it is 
IS possible to form the layer using the general film forming method known as deposition method or wet method, for 
Instance, or using the tnk-jet method. 

[0042] Further, the blue luminescent layer 1 08 can be formed of an electron injection and transfer material such as 
aluminum quinolynol complex. In this case, it Is possible to promote the injection and transfer of the carriers so as to 
improve the luminous efTiciency. Furthermore, when such a blue luminescent layer 108 Is laminated with red and green 
20 luminescent layers formed of a hole Injection and transfer material described later. It is also possible to inject and 
transfer the electrons and the holes from the respective electrodes into these laminated luminescent layers with ap- 
propriate balance, thereby enabling to improve the luminous effk^iency. 

[0043] Moreover, when such a blue luminescent layer 108 is laminated with the red and green luminescent layers 
made of a hole injection and transfer type material, the function of hole injection and transfer and the function of electron 
25 injection and transfer can be assigned separately to different layers, so that optimum design can be selected for the 
respective materials. No particular limitation is imposed upon the forming method of such an electron injection and 
transfer layer, and it Is possible to form the layer by using, for example, the general film forming method known as 
deposition method or wet method or the ink-jet method. 

[0044] In this connection, as for an organic compound which can form an electron Injection and transfer layer, oxa- 

30 dieizole derivative such as PBD, OXD-8 and the like, OSA, aluminum quinolinol complex, Bebq, triazole derivative, 
azomethine complex, porphine complex, benzoxadiazol and the like can be mentioned. In this case, an electron injec- 
tion and transfer layer can be formed from just one of these materials, or formed by mixing or laminating one of or two 
or more of them. In addition, the electron injectton and transfer layer may t>e formed by doping a fluorescence dye 
described later to the organic compound described. Further, the electron injection and transfer layer itself may have a 

35 function of luminescence. 

[0045] As described at>ove, in this emtXKjiment, organic luminescent layers for two colors are fomned by the ink-jet 
method while the layer for the remaining one color is formed by a different method. Therefore, according to this em- 
bodiment, even when a luminescent material which is not so suited for the ink-jet method is used, a full color organic 
EL element can be formed by using such a material in a combination with other organk: luminescent materials that are 

40 suited for the ink-jet method, so that the latitude In the design for the EL element will be expanded. 

[0046] As for examples of the forming method for the luminescent layer other than the ink-jet method, photolithog- 
raphy method, vacuum deposition method, printing method, transfer method, dipping method, spin coating method, 
casting method, capillary method, roll coating method, bar coating method and the like can be mentioned. 
[0047] Rnally, a cathode (a counter electrode) 11 3 is formed, thereby the organ to EL element of the present invention 

45 is completed. In this case, it is preferred that the cathode 113 is formed into a metallto thin film electrode, and as for 
examples of the metal for forming the cathode, Mg, Ag, Al, Li and the like can be mentioned. In addition, a material 
having small work function can be used for the material for the cathode 113, and for example, alkali metal, alkali earth 
metal such as Ca and the like, and alloys containing these metals can be used. Such a cathode 113 may be formed 
using a deposition method, a sputtering method or the like. 

50 [0048] The organto EL element of the present invention is manufactured through the processes described In the 
above. Namely, as shown in Fig. 1, the pixel electrodes 101 and 102 are provided on the transparent substrate 104, 
the red luminescent Iayer106 and the green luminescent layer 107 whtoh are made of organic compounds are then 
formed on the pixel electrodes 101 and 102, respectively, by patteming by using the ink-jet method, and then the blue 
luminescent layer 108 is formed on the luminescent layers 106 and 107 and the pixel electrode 103 by the vacuum 

55 deposition method. Thereafter, the cathode 1 1 3 is formed on top of the blue luminescent layer 1 08 , thereby the organto 
EL element according to the present invention is completed. 

— [0049] ^urtfier, as shown^4r» F4g.-6, a protective film 415 be formed on top of a-cathod&413. By forming such a 
protective film 41 5, It becomes possible to prevent deterioration, damage, peeling and the like from occurring in the 
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cathode 413 and in the luminescent layers 406, 407 and 408. 

[0050] As for materials for constructing the protective film 415, epoxy resin, acrylic resin, liquid glass and the like 
can be mentioned. Further, as for examples of the forming method for the protective film 415. spin coating method, 
casting method, dipping method, bar coating method, roll coating method, capillary method and the tike can be men- 
5 tioned. 

[0051] tn this embodiment, it Is preferable that these luminescent layers are formed of an organic compound, and it 
is more preferable that these luminescent layers are formed of a polymer organk: compound. By providing such lumi- 
nescent layers that are formed of the organic compound, it is possible to obtain high brightness surface luminescence 
at tow voltages. Further, since luminescent materials can be selected from wide range of field, a rational design for the 

10 luminescent element becomes possible. 

[0052] In particular, polymer organk: compounds have an excellent film formation property, and the luminescent 
layers composed of polymer organk; compounds have an extremely good durability. Further, these polymer organic 
compounds have a band gap in the visible region and a relatively high electrical conductivity. Among such polymer 
organic compounds, a conjugated polymer can exhibit such properties prominently. 

IS [0053] As for materials for the organic luminescent layers, polymer organk: compound itself, precursor of conjugated 
organic polymer compound which is to be conjugated (to form a film) by heating or the like, and other materials are used. 
[0054] When a precursor prior to conjugation (to form a film) is used as a luminescent material, the viscosity or the 
like of a discharge liquid used for the ink-jet system can be adjusted easily, so that the patterning is carried out precisely 
and the luminescence characteristics and the film properties of the luminescent layer can be controlled easily. 

20 [0055] It is preferred that the polymer organic compound forming the luminescent layers is a hole injection and transfer 
material. In this way, it is possible to promote the injection and transfer of the carriers and thereby to improve the 
luminous efficiency. 

[0056] As for examples of an organic compound which can form the luminescent layers, polyalkylthiophene such as 
PPV (poly(paraphenylene vinylene)) or its derivative. PTV (poly(2,5-thienyIene vinylene)) and the like; polyallylene 
25 vinylene such as PFV (poly(2,5-furylene vinylene)) polyparaphenylene, polyalkylfluorene and the like; pyrazoline dimer; 
quinolizine carboxylic acid; benzopyryllum perchlorate; benzopyranoquinolizine; rubrene; phenanthroline europium 
complex and the like can t>e mentioned. In this case, just one of them or a mixture of two or more of them can be 
selectively used. 

[0057] Among these organic compounds. PPV which is a conjugated organic polymer compound or its derivative is 

30 preferable . The precursor prior to conjugation (to form a film) of PPV or its derivative is soluble to water or organte 
solvent, so that they are suitable for pattern formation by the ink-jet method. Further, it is possible to obtain a thin layer 
which has high optical quality and excellent durability, since it is a polymer. Furthermore, PPV or its derivative possesses 
a strong fluorescence, and since it is a conductive pxslymer in which n -electron of double bond is delocalized on the 
polymer chain, a thin film of PPV also functions as a hole injection and transfer layer, which makes it possible to obtain 

35 an organic €L element having high performance. 

[0058] Furthermore, the composition for an organic EL element in a case where a polymer organic compound is 
used for the material for the luminescent layers may include at least one kind of fluorescent dye in it. By including such 
fluorescent dye way, it becomes possible to change the luminous property of the luminescent layer. Therefore, the 
addition of the fluorescent dye is effective as a means, for example, for improving the luminous efficiency of the lumi- 

40 nescent layer or for changing the maximum wavelength of light absorption (emitted color) of the luminescent layers. 
[0059] Namely, a fluorescent dye can be utilized not only as a material for the luminescent layers but also as a 
material for the coloring matter which has the luminescence function itself . For example, almost alt of the energy of 
the excltons which are generated by the recombination of earners on the molecules of a conjugated organte polymer 
compound such as PPV can be transferred onto the molecules of the fluorescent dye. In this case, the current quantum 

45 efficiency of the EL element is also increased, because the luminescence arises only from the molecules of the fluo- 
rescent dye which have a high fluorescence quantum effteiency. Accordingly, by the addition of a fluorescent dye into 
the composition for the organic EL element, the luminescence spectrum of the luminescent layer t>econf>es at the same 
time the spectrum of the f luorescent dye, vvhereby this method becomes also an effective means for changing the 
emitted color. 

so [0060] In this connection, it should be noted that what is meant here by the current quantum effksiency ts a scale for 
considering the luminescence performance according to the luminescence function, and it is defined by the following 
expression. 

r\^ = energy of emitted photon / input electrical energy. 

55 

- [0061] The changes in the maximum wavelength of light absorption induced by the doping of a fluorescent dye make 
it possible , for example , to emit the three primary colors of red, green and blue, thereby enabling to obtain a full color 
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display device. 

[0062] Further, the doping of the fluorescent dye makes it possible to improve extremely the luminous efflcierK^y of 
the EL element. 

[0063] As for a fluorescent dye used for the red luminescent layer, laser dye DCM. rhodamine or a rhodamine de* 
5 rivative, perylene and the like can be used. These fluorescent dyes are soluble to solvents because they are low 
molecules, and have a high compatibility with PPV or the like, so that a luminescent layer with a good uniformity and 
good stability can be formed easily. As for examples of the rhodamine derivative fluorescent dyes, rhodamine B, rhod- 
amine B base, rhodamine 6G, rhodamine 101 perchlorate can be mentioned. In this case, a mixture of two or more of 
them can be selectively used. 

10 [0064] Further, as for a fiuorescent dye used in the green luminescent layer, quinacndone, rubrene, OCJT and their 
derivatives can be mentioned. Since these fluorescent dyes are low molecules in the same manner as the f luorescent 
dyes to be used in the above-mentioned red luminescent layer, they are soluble to solvents and have a high compatibility 
with PPV or the like, so that the luminescent layer can k>e formed easily. 

[0065] As for the fluorescent dye used In the blue luminescent layer, distyrylbiphenyl and its derivative can be men- 
15 tioned. These fluorescent dyes are soluble to aqueous solutions in the same manner as the above-mentioned fluores- 
cent dyes for the red luminescent layer, and have high compatibility with PPV or the like, so that the luminescent layer 
can be formed easily. 

[0066] In addition, as for other fluorescent dyes that can be used in the blue luminescent layer, coumarin; and cou- 
marin derivatives such as coumarin-1 . coumarin-6. coumarin-7, coumarin 120, coumarin 138, coumarin 152, coumarin 

20 1 53, coumarin 31 1 , coumarin 31 4, coumarin 334, coumarin 337, coumarin 343 and the like can be mentioned. 

[0067] Moreover, as for other luminescent materials that can be used In the blue luminescent layer, tetraphenylt>- 
utadiene (TPB) or TPS derivative, DPVBi and the like can be mentioned. Since these luminescent materials are also 
low molecules in the same manner as the fluorescent dyes for the red lumirvescent layer, they are soluble to solvents, 
and have high compatibility with PPV or the like, so that the luminescent layer can be formed easily. 

25 [0068] These fluorescent dyes and luminescent materials as described above can be selectively used as a just one 
of them or as a mixture of two or more of them. 

[0069] The structure of a head of the ink-jet system used in the manufacturing method of the organic EL element 
according to the present invention is shown in Pig, 10 and Fig. 11 . 

[0070] The head 10 for the ink-jet system is provided with, for example, a stainless steel nozzle plate 11 and a 
30 vibration plate 13. and they are coupled via partitioning memt>ers (reservoir plates) 15. 

[0071] Between the nozzle plate 11 and the vibration plate 13, a liquid storage 21 and a plurality of spaces 19 are 
formed by means of the reservoir plates 15. The inside of the respective spaces 19 and the liquid storage 21 are filled 
with the composition according to the present invention, and the spaces 1 9 communk^ate with the ik^uid storage 21 
through supply ports 23. 

35 [0072] Further, a nozzle hole 25 is provided in the nozzle plate 11 for discharging the composition in a jet-form from 
the spaces 1 9. In the meantime, a hole 27 is formed in the vibration plate 13 for supplying the composition to the liquki 
storage 21 . 

[0073] Further, on a suriace of the vibration plate 1 3 which is opposite to the other surface that faces with the spaces 
19, piezoelectric elements 29 are attached at positions corresponding to the positions of the respective spaces 19. 

40 [0074] Each of the piezoelectric elements 29 is positioned between a pair of electrodes 31 . The piezoelectric element 
29 is adapted to bend so as to protrude outward when energized, and at the same time, the vibratk>n platel3 to which 
the piezoelectric element 29 is attached is also bent outward together with the piezoelectric element 29. In this way, 
the volume of the space 1 9 is increased. With this result , a quantity of the compositton corresponding to the irusreased 
volume flows into the space 19 from the liquid storage 21 through the supply port 23. 

45 [0075] Next, when the piezoelectric element is de-energized, both the piezoelectric element 29 and the vibration 
plate 1 3 return to their original shapes. In this way. the space 1 9 also returns to its original volume, so that the pressure 
exerted to the composition within the space 1 9 goes up, whereby the composition is jetted out from the nozzie hole 25 
toward the substrate. 

[0076] In this connection, a water repellent layer 26 is formed at the peripheral part of the nozzle hole 25 in order to 
so prevent the bend of the jetted direction of the composition and the clogging of the hole from occurring. 

[0077] Namely, a water repellent layer 26 formed of, for example, a Ni-tetrafluoroethytene eutectokt plated layer is 
provided in the peripheral part of the nozzle hole 25 as shown in Fig. 11 . 

[0078] Using the head with the above construction, it is possible to form respective organ to luminescent layers by 

discharging the compositions corresponding to. for example, the three primary colors red, blue, and green according 
55 to a predetermined pattern, thereby enabling to form the pixels. 

[0079] In the manufacturing method of the organic EL element according to the present invention, compositions with 
— the following cfiaracteristics can be used as organic luminescent materials for the ink-jet mettiod. 

[0080] It is preferable that the compositions have a contact angle of 30 to 1 70 degrees, and more preferably, 35 to 
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65 degrees, with respect to the material constituting the nozzle surface 251 of the nozzle provided in the head for the 
ink-jet system for discharging the composition . When the composition has the contact angle given in this range, it is 
possible to carry out a precise patterning by suppressing the bend in the jetted direction of the composition. 
[0081 ] Namely, if the contact angle is less than 30 degrees, wettability of the composition with respect to the material 

5 constituting the nozzle surface increases, so that there Is a case that the composition attaches asymmetrically to the 
periphery of the nozzle hole at the time of discharging the composition. In this case, an attraction acts between the 
composition attached to the nozzle hole and the composition to be discharged. This causes the discharge of the com- 
position by a non-uniform force, which gives rise to a situation so-called "bend in the jetted direction" in which the 
composition is unable to reach the target position, and also to an increase in the occurrence frequency of the bend in 

10 the jetted direction. Meantime, if the contact angle exceeds 1 70 degrees, the interaction t>etween the composition ^d 
the nozzle hole becomes a minimum and the shape of the meniscus at the tip of the nozzle is unstable, so that the 
control of the amount and the timings of discharge of the composition tends to be difficult. 

[0082] In the above descriptions, what Is meant here t>y the bend in the Jetted direction refers to a situation In which, 
when the composition is discharged from the nozzle, the point of impact of a dot deviates from the target position by 

IS more than 50 ^m. Further, the occurrence frequency of the bend in the jetted direction is defined as the time until the 
bend in the jetted direction occurs after a continuous discharge of the composition is started at the frequency of 7200Hz. 
The bend in the jetted direction is generated principally by such causes as the non uniformity in the wettability of the 
nozzle hole and the clogging of the nozzle hole by the attachment of solid components of the composition. Such bend 
in the jetted direction can be eliminated by cleaning the head. In this connection, more frequent head cleaning is 

20 required for more frequency of occurrence of the bend in the jetted direction, and such a composition that arises the 
higher occurrence frequency can t>e said to a composition that deteriorates the manufacturing efficiency of the EL 
element by the ink-jet method. On the practical level, an occurrence frequency of the bend in the jetted direction is 
required to be more tham 1 000 seconds. 

[0083] By preventing such bend In the jetted direction from occurring, it becomes possible to carry out a highly fine 

2S patteming with high precision. 

[0084] Further, it is preferable that the viscosity of the compositton is 1 to 20cp, and more preferably 2 to 4cp. If the 
viscosity of the compositton is less than 1cp, the contents of the precursor and the fluorescent dye in the material are 
too small, so that the luminescent layer which Is formed cannot exhibit luminescence power sufficiently. On the other 
hand, if it exceeds 20cp, it is impossible to discharge the composition smoothly from the nozzle, and it becomes difficult 

30 to carry out patterning unless otherwise such a change in the specification as the enlargement of the diameter of the 
nozzle hole is introduced. In addition, when the viscosity of the composition is high, precipitation of the solid components 
in the composition tends to occur, thus leading to an increased occurrence frequency of clogging of the nozzle hole. 
[0085] Furthermore, it is preferable that the composition has the surface tension of 20 to 70 dyne/cm. and more 
preferably 25 to 40 dyne/cm. By restricting the surface tension to such a range, it is possible to suppress the k>end in 

35 the jetted direction and suppress the occurrence frequency of the bend in the jetted direction to a low level . in the 
same manner as the case of the atx>ve-mentioned contact angle. If the surface tension is less than 20 dyne/cm. the 
wettability of the composition with respect to the material constituting the nozzle surface increases, which results in 
the occurrence of the bend in the jetted direction, and an increase in the occurrence frequency of the bend in the jetted 
direction, similar to the case of the contact angle. On the other hand, if it exceeds 70 dyne/cm, the shape of the meniscus 

40 at the tip of the nozzle is not stable, which results in the diffk^ulty in the control of the amount and the timingsof discharge 
of the composition. 

[0086] Further, as for the composition of the organic luminescent material suitable for the manufacturing method of 
the organic EL element of this inventton, it needs to satisfy the condition on the numertoal range for at least one of the 
characteristics including the contact angle . the viscosity and the surface tension descrit>ed above. In this connection. 
45 a composition which satisfies the conditions for the arbitrary combination of two characteristics is more preferable, and 
a composition which satisfies the conditions for all the characteristics is most preferable. 

[0087] Fig. 2 shows a second embodiment of the manufacturing method of the organic EL element according to the 
present invention. 

[0088] In this second emtKxJiment. after formatk)n of pixel electrodes 201 . 202 and 203 and banks 205 on a trans- 
so parent substrate 204 , a red luminescent layer 206 and a green luminescent layer 207 are formed by using an ink-jet 
method in the same manner as the first embodiment. 

[0089] This second emtK>diment is different from the first emtxxliment in the point that a hole injection euid transfer 
layer 208 is formed on the pixel electrode 203 and then a blue luminescent layer 210 is laminated on the layer 208. 
By the lamination of the hole injection and trsmsfer layer 208 with the blue luminescent layer, it becomes possible to 
55 promote the injection and transfer of the holes from the electrode to improve the luminous efficiency as mentioned 
above. 

[0090] Thus, in the manufacturing method for the organk: EL element according to the ivesent invantton* it is pref- 
erable to laminate a hole Injection and transfer layer with at least one luminescent layer with a certain color. In this 
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way, it is possible to improve the luminous efficiency and to improve the stability of the thin film element itself. 
[0091] In this case, at the vicinity of the interface between the luminescent layer and the hole Injection and transfer 
layer which are laminated with each other, a part of the materials contained in either of layers may exist in the state of 
mutual impregnation and diffusing into the other layer. 

5 [0092] It is preferable that the hole injection and transfer layer 208 ts a non-luminescent layer. With this arrangement, 
it is possible to make a region of the blue luminescent layer 210 positioned above the pixel electrode 203 to be a 
luminescent portion, thereby enabling to fabricate a full color organic EL element more easily. 
[0093] No particular limitation is imposed upon the forming method for such a hole injection and transfer layer 208. 
but for example, it is possible to form the layer by using the ink- jet method. In this way, it fc>ecomes possible to arrange 

10 the hole injection and transfer layer 208 precisely with a predetermined pattern. 

[0094] As for examples of the material constituting the hole injection and transfer layer 208. aromatic diamine based 
compound such as TPD; MTDATA; quinacridone; bisstil anthracene derivative; PVK (polyvinyl carbazole); phthalocy- 
anine based complex such as copper phthalocyanine; porphin based compound; NPD; TAD; polyanlline; and the like 
can be mentioned. Among these materials , PVK is parttcuraly preferred. By using PVK, it k)ecomes possible to form 

IS a non-luminescent hole injection and transfer layer. 

[0095] Further, the organic EL element according to the present invention can be obtained by forming a blue lumi- 
nescent layer 210 and a cathode 211 in the same way as the first emtxxjiment. TTie materials constituting the blue 
luminescent layer 210 and the cathode 211 and the manufacturing method thereof are the same as those of the first 
embodiment 

20 [0096] Rg. 3 shows a third emt)odlment of the manufacturing method for the organic EL element according to the 
present lnventk>n. 

[0097] In this third emtK>diment, after the formation of pixel electrodes 301 . 302 and 303 and banks 305 on a trans- 
parent substrate 304, a red luminescent layer 306 €Lnd a green luminescent layer 307 are formed in the same manner 
as the first emtKsdiment. 

25 [0098] Next, a hole injection and transfer layer 308 is formed on the entire surface of the red luminescent layer 306, 
the green luminescent layer 307 and the pixel electrode 303. By laminating the hole injection and transfer layer 308 
with the luminescent layers 306 and 307 in this way, it is possible to promote the Injection and the transfer of the holes 
from the electrodes to improve the luminescence efficiency, as described in the atx>ve. 

[0099] Further, by the same reason as in the above, it is preferable that the hole Injection and transfer layer 308 is 

30 formed into a non-luminescent layer. 

[0100] No particular limitation is imposed upon the forming method for the hole injection and transfer layer 308, and 
for example, ink-jet method, vacuum deposition method, dipping method, spin coating method, casting method, cap- 
illary method, roll coating method, bar coating method and the like can be mentioned. In this embodiment, it is to be 
noted that the hole injection and transfer layer can be formed using the vacuum deposition method. In this connection, 

35 as for the material constituting the hole injection and transfer layer 308, the same materials as those mentioned in the 
second embodiment can be used. 

[0101] Further, by forming a blue luminescent layer 309 and a cathode 311 on the hole injection and transfer layer 

308, the organic EL element according to the present invention can t>e obtained. The constituent material and the 
forming method of the cathode 311 are the same as those of the afc)ove-mentioned embodiments. 
^ [01 02] Fig. 4 shows a fourth emt)odiment of the manufacturing method for the organk; EL element according to the 
present invention. 

[0103] In this fourth embodiment, after the formation of pixel electrodes 801, 802 and 803 and t>anks 805 on a 
transparent sut>strate 804 In the same way as the first embodiment, luminescent layers 806, 807 and 808 are patterned 
on the pixel electrodes 801 . 802 and 803, respectively, by the ink-jet method. In this way, the amount of the material 
45 to be discharged for the respective luminescent layers, the number of times of the discharge and the formation pattern 
of the luminescent layers, for example, can be adjusted easily and heindlly, so that the luminescent characteristics and 
film thickness and the like of the respective luminescent layers can be controlled easily. 

[0104] In addition, an electron injection and transfer layer 811 Is formed on ^e luminescent layers 806, 807 and 808. 
The electron injection and transfer layer 81 1 facilitates the injection of the electrons from the cathode, and contributes 
so to the prevention of electrode extinction by keeping the luminescent portions away from the cathode to establish a 
better contact with the cathode. As for the electron injection and transfer layer 811. aluminum quinolynol complex to 
which the doping is not carried out can be used. This electron injection euid transfer layer 811 can be formed by means 
of a vacuum deposition method. 

[0105] In this connection, the forming method for the electron injection and transfer layer 811 is not limited to this 
55 nnethod. and for example, the ink-jet method, vacuum deposition method, dipping method, spin coating method, casting 
method, capillary method, roll coating method, bar coating method or the like can be used. 

[0106} Further, the organic EL elementaccording to the present invention can be obtained by forming a cathode 813 
on top of it. The constituent material and the formatton method of the cathode 81 3 are the same as those of the above- 
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mentioned embodiments. 

[0107] Fig. 5 shows a fifth embodiment of the manufacturing method of the organic €L element according to the 
present invention. 

[0108] In this fifth embodiment, pixel electrodes 801 . 802 and 803 are first formed on a transparent sut)strate 804 in 
5 the same manner as the first embodiment. Then, a hole injection and transfer layer 815 which is for example made of 
PVK is formed on the entire surfaces of the pixel electrodes by means of. for example, a spin coating method. Accord- 
ingly, since the hole injection and transfer layer 815 in this embodiment can be formed by means of coating without 
need of patteming, it is possible to increase manufacturing efficiency. 

[0109] No particular limitation is imposed upon the forming method for the hole injection and transfer layer 81 5, and 
10 for example, ink-jet method, vacuum deposition method, dipping method, spin coating method, casting method, cap- 
illary method, roll coating method, bar coating method and the like can be used. 

[0110] Further, from the same reason described above with reference to the other embodiments, it Is preferred that 
the hold injection and transfer layer 815 is formed into a non*luminescent layer. 

[0111] On top of the hole injection and transfer layer 815, luminescent layers 806, 807 and 808 are formed. In this 
IS regard, it is preferred that among these luminescent layers, at least one luminescent layer for a certain color is fornried 
by pattering using the ink-jet method carried by the ink-jet device 809. 

[0112] Then, by forming a cathode 813 on top of the luminescent layers, an organic £L element according to the 
present invention can be obtained. The structural material for the cathode 813 and the manufacturing method thereof 
are the same as those of the other embodiment described above. 
20 [0113] According to this f if th embodiment, no bank is formed. However, by using this manufacturing method, the 
coating of tiie luminescent layers for the primary colors R. G and B can be carried out oorrectiy and preciously, thus 
leading to improvement of manufacturing efficiency. In this regard, it is to t>e noted that the manufacturing method of 
this embodiment can be also applied to the case where banks are provided to form respective pixels like the previous 
emtxxjiments. 

25 [01 1 4] The organic EL element of the present invention can be manufactured according to the manufacturing methods 
described above with reference to the emt>odiments. However, the present invention is not limited to the structures 
provided by these methods, and the following structures can be adopted, for Instance. 

[01 1 5] Fig. 1 5 is a partial cross-sectional view which shows other emk>odiment of an organic EL element according 
to the present invention. 

30 [0116] The organic EL element of this emkxjdiment has a construction in which a reflection layer 62, a transparent 
conductive film (ITO film) 63, a hole injection and transfer layer 64, an organic luminescent layer 65. a metal layer 66 
and a transparent conductive layer (ITO film) 67 are laminated on a transparent substrate 61 in this order. Hereinbetow, 
the materials and the manufacturing methods of the respective layers (films) are described, in which a descriptton is 
made only for the differences from the previous emtKxJiments and the common explanation is omitted. 

35 [01 1 7] In the organic EL element according to this emk>odiment, on the transparent substrate 61 . the reflection layer 
62 which is made from a metal thin film such as Al is provided directly. 

[Oil 8] The metal layer 66 which is laminated onto the luminescent layer 65 as a cathode is extremely thin (approx< 
imate to 10 to 50 A), so that the metal layer has a light permeability so as to pass emitted light from the luminescent 
layer 65 therethrough. On the other hand, since the metal layer is extremely thin, its value of resistance is high and 
40 therefore its conductivity is insufficient. Therefore, the metal layer can not sufficientiy exhibit function as the cathode. 
For this reason, the transparent conductive film (ITO film) 67 is laminated onto the metal layer 86. In this connection, 
it is to be noted that such a metal layer 66 can t>e made from Al - Li alk>y or the like for example, and it can be formed 
using the vacuum deposition method, sputtering method or the tike. 

[01 1 9] By using the at>ove descrik>ed construction, light which is converted in the luminescent layer 65 from a current 
45 which has been injected from the electrodes Is transmitted in the direction indicated by the arrow in the drawing. With 
this result, it becomes possible to take out the light without passing through the transparent substrate 61 . so that a 
display with a higher brightness becomes possible. 

[0120] Fig. 7 is an illustration which shows an embodiment of an organic EL display device according to the present 
invention. 

so [0121] In this embodiment, a bus line (gate line) 511 made of Al is formed on a glass plate 501 by means of a 
photolithography patteming method, and a thin film transistor (not shown in the drawing) is formed thereon to constitute 
the ITO transparent pixel electrode 504 and the like. Then, as Is the same manner as the first emt>odlment, a red 
luminescent layer 502 and a green luminescent layer 503 are formed by means of the ink-jet method, and then a blue 
luminescent layer 505 is formed by means of the vacuum deposition method. Thereafter, a cathode 506 is formed by 

55 means of the vacuum deposition method, thereby constructing the organic EL element same as the first emtx^diment 
described akx>ve. 

[0122}^ -In-addition, - a protectiv e^)ase inaterial 507 is st uck o nt o4he transparant substrate 501 in a fixed manner by 
means of a peripheral seal 509. 
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[01 23] Next, this assembly is placed in an inert gas atmosphere such as argon gas or the like, and thereby introducing 
the inert gas inside thereof from a seal opening 513 and then the seal opening 513 is sealed with a seal member 508. 
By filing the inside of the assembly with the inert gas 51 and then sealing it, as described above, it becomes possible 
to protect the organic EL element from external contamination such as moisture or environnnental changes, thereby 
enabling to maintain the luminescent characteristics of the organic €L display device. In this case, it is preferred that 
the seal member 508 is formed form a material through which the inert gas 512 does not penetrate. 
[0124] A silver paste 510 has a function that realizes a contact between the cathode 506 and the gate line 511 on 
the element. 

[0125] Gate lines 511 are provided to control ON and OFF of the thin film transistors (TFT), which are provided in 
the respective display pixels, in each line of me pixete in order to select pixels to be displayed. Upon writing, potential 
of the gate line for one line of pixels is tumed into a selected level, thereby bringing the TFTs on this line into a conductive 
state. At this time, by supplying picture signals for the corresponding pixels from the source electrode wires of the 
respective lines (not shown in the drawing), the voltages of the picture signals are applied to the pixel electrodes through 
the TFTs, thereby enabling to charge the potentials to the pixels to a level of a signal voltage and then discharge them. 
[0126] Fig. 8 Is an Illustration which shows other embodiment of an active matrix type organic EL display device 
using the organic EL element according to the present invention. This organic EL display device of this embodiment 
includes an pixel arrangement comprised of a plurality of luminescent pixels which are arranged in a matrix form and 
which are formed into any one of R, G and B luminescent elements. 

[0127] As shown in this figure, on the substrate (not shown), ttiere are provided signal lines ( signal electrodes) 601 
and gate lines (gate electrodes) 602 which are arranged in a matrix form so as to lie orthogonal to each other. Further, 
in each of the pixels, a thin film transistor (TFT) 604 which is connected to both the signal line 601 and the gate line 
602 is provided, and a luminescent layer 605, 606 which is formed of the organic EL element and connected to the 
TFT is laminated on the TFT. In this case, at least one luminescent layer for any one of colors R, G, B is fomied by 
means of the ink-Jet method. 

[0128] Fig. 9 Is a sectional view which shows one example of tiie manufacturing method of the active matrix type 
organic EL display device according to the present invention. 

[01 29] First, on a transparent substrate 904, predetermined thin film transistors 91 5 as well as gate lines and signal 
lines (not shown) and the like are fonned. Next, on respective pixel electrodes (ITO) 901 , 902. 903 which are respectively 
provided with prescribed functional elenrients such as the tiiin film transistors 915, hole injectton and transfer layers 
911 are formed so as to cover the respective pixel electrodes. As for the hole injection and transfer type material, the 
same materials that are discussed in this specification with reference to the previous embodimentscan be used. Further, 
the method of forming the hole injection and transfer layer 911 is not limited to a specific method, and it is possible to 
form the layer by means of any method described above. 

[0130] Further, respective luminescent layers 906 (red), 907 (green) and 908 (blue) are formed by patteming. In the 
formation of these luminescent layers, at least one layer for one color is formed by the ink-jet method using an ink-jet 
device 910. 

[0131] Finally, a reflection electrode 913 is formed, thereby completing the organic EL display device £«x;ording to 
the present invention. As for ttie reflection electrode 91 3, Mg - Ag electrode having a thickness of about 0.1 to 0.2 ^im 
or the like is formed, for Instance. 

[0132] In the above-mentioned embodiment conceming ttie active matrix type organic €L display device according 
to the present invention, a thin film transistor is used as a switching element, but the present Invention is not limited 
thereto. Other switching elements and two-terminal element such as MIM can be used. Furtiier. the display device may 
be configured into a passive drive type or a static drive type (static image, segment display). 

[0133] Furthermore, ttie number of ttie switching element is not limited to one per one pixel. A plurality of switching 
elements may be provided per one pixel. 

[0134] Fig. 12 shows an embodiment of an organic EL display device in which a plurality of switching elements are 
provided per one pixel. In tills embodiment, a switching type thin film transistor 142 cames out a role ttiat transmits 
the potential at a signal electrode 132 to a current thin film transistor 143 in response to the potential at a scanning 
electrode 131 . and ttie cunrent thin film transistor 143 carries out a role that controls electrical connection between ttie 
common electrode 133 and the pixel electrode 141. 

[0135] Next, referring to the drawings, a description is made with regard to an emtxxiiment of a passive matrix type 
( simple matrix type) organic EL display device using the organfc EL element according to the present invention. 
[0136] Fig. 13 is a perspective view which roughly shows a structure of the organrc EL display device according to 
the present inventton. 

[0137] As shown in the drawings, in the organic €L display device of this embodiment, a scanning electrode 53 and 
a signal electrode 54 which are formed into an elongated strip, respectively, are arranged outside ttie organk: €L 
element 52 so that scanning lines extending from the scanning electrode S3 and the signal lines extending from the 
signal electrode 54 are orthogonal to each other through the organic EL element. 
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[0138] Such a passive matrix type display device is driven by selecting scanning lines of the scanning electrode 53 
in a pulsed nnanner in a sequential order while a voltage is applied to signal lines of the signal electrode 54 corresponding 
to pixels to be displayed on the scanning line. Such selection of the lines is carried out by a controller 55. 
[0139] In this connection, it should be noted that in a case of the passive drive type display device. It Is necessary 
5 that a cathode is patterned so as to be separate forms to correspond to each of tines. For example, when a thin cathode 
having a thickness of atx)ut 0.2 \im \s formed according to the third embodiment, such separate forms of the cathode 
can be automatically obtained since the cathode is separated by the banks. 

[01 40] Such a cathode is formed by the patter formation performed by a masking deposition method or a laser cutting 
method, for instance. 

10 [0141] Fig. 14 is a diagram which shows one example of wave forms of driving voltages applied to the scanning 
electrode 13 and signal electrode 14, respectively. The wave forms shown in the drawing are determined so as to be 
able to apply a voltage Vs which is sufficient to luminescence to selected pixels. Further, the brightness of a pixel to 
be displayed is controlled through the width of the pulse from the signal electrode 14 that has been detennined so as 
to meet with a gray scale of the brightness to be displayed. On the other hand, a voltage Vn which is tower than a 

IS luminescent threshold voltage is applied to respective non-selected pixels. 

[0142] In Fig. 14, Tf shows a scanning timing. In this case, the scanning signal is driven by a pulse having a duty 
ration of 1/100. In this connection, it has been confirmed that the luminescence of the blue luminescent layer 808 of 
the organic EL display device comprised of the organic EL elements of the fourth embodiment was a brightness of 1 00 
cd/m2 at a driving voltage of 20V. 

20 

EXAMPLES 

<l\^anufacturing of Organic EL Elements> 
25 (Example 1) 

[0143] As shown in Fig. 1, on the glass substrate 104, ITO transparent pixel electrodes 101, 102 and 103 were 
fomned by means of photolithography so as to form a pattern having a pitch of 100 ^m and a thickness of 0.1 ^m. 
[0144] Then, the spaces between the ITO transparent pixel electrodes were buried, and then bauiks 105 which act 
30 not only as a light cut-off layer but also an ink drop preventing wall were formed by photolithography. In this case, the 
banks 105 were designed so as to have a width of 20 ^m and a thickness of 2.0 p-m. 

[0145] Further, after the pattern formation with red and green luminescent materials shown in Table 1 and Table 2 
which were jetted from the head 110 of the ink-jet device 109, they were undergone heat treatment under a nitrogen 
atmosphere for hours to polymerize the precursors in the compositions of the materials, thereby forming luminescent 
35 layers 106 (red) and 107 (green). 

[0146] Then, by carrying out a vacuum deposition of aluminum quinolynol complex to which perylene condensed 
aromatic was added as a dopant, a blue luminescent layer 1 08 of the electron injection and transfer type having a 
thickness of 0.1 \im was formed. 

[0147] At the last, a Mg - Ag electrode 113 having a thickness of 0.8 ^m was formed as a cathode using a vacuum 
^ deposition method to obtain an organic EL element. 

(Example 2) 

[0148] In the same manner as Example 1 , ITO transparent pixel electrodes 201 , 202 . 203 were formed on a glass 
45 substrate 204 as shown in Fig. 2. Thereafter, the spaces between the ITO transparent pixel electrodes were buried 
and then resists (partitioning walls) 205 made of a light-sensitive polyimide and functioning not only as a light cut off 
layer but also an ink drop preventing wall were formed. 

[01 49] Then , after coating and pattem formation of read and green luminescent materials shown in Table 1 and Table 
2 , respectively , by using an ink-jet device 209 in the same way as the Example 1 , they were undergone heat treatment 
50 under a nitrogen atmosphere for four hours to polymerize the precursors In the compositions of the materials, thereby 
forming luminescent layers 206 (red) and 207 (green). 

[0150] Next, a hole injection and transfer layer made of polyvinyl carbazole (PVK) was patterned on the transparent 
pixel electrode 203 by means of the ink-jet device 209. Then, a blue luminescent layer 210 was formed by coating the 
pyrazoline dimer on top of the hole injection and transfer layer. 
S5 [0151] Finally, an Al - Li electrode 211 having the thk:kness of 0.8 ^m was formed as the cathode by the deposition 
method, and thereby the organic EL element was manufactured. 
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(Example 3) 

[0152] First. ITO transparent pixel electrodes 801. 802 and 803 and banks 805 were formed on a glass substrate 

804 as shown In Fig. 4 in the same way as Example 1 . 
5 [0153] Next, an organic hole injection and transfer type material was mixed in the luminescent materials shown in 

Table 1 and Table 2 to fonm luminescent layers 806 (red). 807 (green) and 808 (blue) by using an ink-jet device 809. 

[01 54] Next, the vacuum deposition was carried out using the aluminum quinotynol complex to which the doping was 

not carried out to form an electron injection and transfer layer 811 having the thickness of 0.1 |im. 

[0155] Finally, an Al - Li electrode 81 3 having the thickness of 0.2 ^m was formed as the cathode by the deposition 
10 methcd, and thereby the organic EL element Vf/as manufactured. 

(Example 4) 

[0156] In the same way as Example 1. ITO transparent pixel electrodes 301. 302 and 303 and banks 305 were 
IS formed on a glass substrate 304 as shown in Fig. 3. 

[0157] Next, after coating and pattern formation with red and green luminescent materials shown in Table 1 and 

Table 2 , respectively, by using an ink- jet device 310 in the same way as Example 1. they were undergone heat 

treatment under a nitrogen atmosphere for four hours to polymerize the precursors in the compositions of the materials, 

thereby forming luminescent layers 306 (red) and 307 (green). 
20 [0158] Next, a hole injection and transfer layer 308 made of polyvinyl carisazole (PVK) was fomned on the entire 

surfaces of the luminescent layers 306, 307 and the transparent electrode 303 by means of the coating method. 

[01 59] Then, a blue luminescent layer 309 made of a distyryl derivative was formed on the hole injection and transfer 

layer 308 by means of the vacuum deposition method. 

[0160] Finally, an Al - Li electrode 311 having the thickness of 0.8 nm was formed as the cathode by the deposition 
25 method, and thereby the organic EL element was meuiufactured. In this case, as described ak>ove, the cathode 311 
was automatically separated and then insulated by the formatton of the banks 304, the cathode was brought into a 
conditton that is was patterned so as to correspond to the respective pixels 301 . 302 and 303. 

(Example 5) 

30 

[0161] First, in the same way as Example 1, ITO transparent electrodes 801. 802 and 803 and banks 805 were 
formed on a glass substrate 804 as shown in Fig. 4. 

[0162] Then, after coating and pattem formation with the red. green and blue luminescent materials by discharging 
polymeric organk: luminescent materials shown in Table 1 and Table 2, respectively, using the ink-jet device 809, they 
35 were undergone heat treatment under a nitrogen atmosphere at 1 SO^'C for four hours to polymerize the precursors in 
the compositions of the materials, thereby forming luminescent layers 806 (red), 807 (green) and 808 (blue). 
[0163] Next, the vacuum deposition was carried with the aluminum quinolynol complex to which the doping was not 
carried out to form the electron transfer layer 811 having the thickness of 0.1 ^im. 

[0164] Finally, an Al - Li electrode 812 having the thickness of 0.8 ^m was formed as the cathode by the vacuum 
40 deposition, so that the organic EL element was manufactured. 

<Evaluation of the Luminescence Characteristics and the Film Characteristics of the Luminescent Layers> 

[0165] The luminescence characteristics and the film characteristics of the luminescent layers of the organk: EL 
45 elements which were manufactured in Examples 1 to 5 described above were evaluated according to the following 
methods. 

1 . Luminescence Starting Voltage 

so [0166] A prescribed voltage was applied to the element , and the applied voltage at which a luminemce of 1 cd/m^ 
Is ok>served was defined as the luminescence starting voltage [Vth]. 

2. Luminescence Life 

ss [0167] The initial luminance after applying a stabilization treatment was set to 1 00%. and the changes in the lumi- 
nance of the EL element were measured when subjecting it to continuous luminescence through supply of a constant 

current of standard waveform, wherein the luminescence life is defined as the time until the luminance drops to 50% 

of the initial luminance. 
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[0168] In this case, the drive condittons for this experiment were set at 40**C for room temperature, 23% for humidity 
and 20 mA/cm^ for current density. 

3. Luminance (Brightness) 

5 

[0169] The luminance was measured, in which the current was set to 20 mA/cm?. 

4. Wavelength at Maximum Absorption 

10 [0170] TTie wavelength at maximum absorption for each Suminsscent layer was measured. 

5. Stability in Film Formation 

[0171] After heating the luminescent layer at 200**C for 60 minutes, conditions for occurrence of defects such as 
IS cracks and deformation In the respective luminescent layers were observed by a microscope. 
[0172] The results of the evaluation were classified according to the following marks. 

© Extremely favorable 
O Favorable 
20 X Unsatisfactory 

[0173] The results of the evaluation are shown in Table 3 and Table 4. 

[0174] As indicated in Table 3 and Table 4 . the luminescent layers in Examples 1 to 5 have excellent luminescence 
characteristics and excellent film characteristics. In partteular, when the luminescent layers were fonned of polymer 
2S organic compounds, no defects were observed in the luminescent layers, and extremely favorable thin films were 
obtained. 

[0175] In the above, the composittons for the organic EL elements and the manufacturing methods for the organic 
EL elements according to. the present invention have been described according to the emt>odlments that are illustrated. 
However, the present Invention is not limited to these embodiments, and for example, there may be Inserted in the 
30 manufacturing processes for providing any intermediate functional layers between the respective layers. Further, the 
fluorescent dyes which are added for changing the luminescence charactertstk^s are not limited to those described 
at>ove. 

[01 76] Further, a layer made of. for example, 1 ,2,4-triazole derivative (TAZ) may be provided as a buffer layer between 
the respective layers, thereby enabling to more improve the luminance, luminescence life and the like. 

3S [0177] Furthermore, the manufacturing method for the organic EL elements according to ttie present invention may 
include a further process in which surface treatment such as plasma, UV treatment, coupling or the like are applied to 
the surface of the resin resists, the pixel electrodes and the underiying layers in order to facilitate the stfcking of the 
EL materials. Moreover, it is possible to apply the manufacturing method for the organic EL element of the present 
invention to the manufacturing method for the inorganic EL element. 

40 [01 78] The organic EL display device according to the present invention may be applied to the low information field, 
such as segment display and still image display of whole surface simultaneous luminescence, for example, display of 
pictures, characters, labels, or may be utilized as a light source having point, line, or surface shape. 

INDUSTRIAL UTILIZATION 

45 

[0179] As described In the above, according to the manufacturing method of the organic EL element of the present 
invention, it is possible to explore rational design of the EL luminescent elements through a wide ranging selection of 
the luminescent materials. For example; through arbitrary combinations of the luminescent materials and fluorescent 
dyes, it is possible to obtain wide variety of display lights. 
so [0180] Further, by using the organic luminescent materials, it is possible to obtain the<jiversiried designs of the EL 
element having high luminance and long life. 

[0181] Furthermore, by carrying out the pattern forming and arrangement of the luminescent layer for at least one 
color, the hole injection and transfer layer and the electron injection and transfer layer by means of the ink-jet method, 
it is possible to set artDltrarily and precisely the size and the pattem of the luminescent elements. 
ss [0182] When a precursor, which can be conjugated (form a film) by themnosetting is used as a luminescent material. 

the latitude in the setting of conditions such as viscosity can be expanded, and the adjustment of the conditions suitable 
— as a dischar^ Ikfuki ^or the ink-jet metfiod can be facilitated. 

[01 83] Further, according to the manufacturing method for the organic EL element of the present inventk)n, conditions 
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such as the film thickness, the numtser of dots and the like can be adjusted arbitrarily, so that it is possible to control 
readily the luminescence characteristics of the luminescent layers. 

[0184] Furthermore, according to the ink-jet method, it is possible to move freely the head on the transparent sub- 
strate, thereby enabling to fomn an element with an arbitrary size without restricting the dimensions of the substrate. 
Moreover, since required amounts of materials can be arranged at required locations, it is possible to maximally exclude 
the useiessness of waste liquid or the tike. In this way, manufacturing of a full color display device with large screen 
size becomes possible at a low cost. 
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Claims 

1. A method of manufacturing an organic EL element, comprising: 

fonning first electrodes on or above a transparent sul)strate; 

forming a luminescent layer on each of the first electrodes or a layer fomied on or above each of the first 
electrodes by discharging a liquid composition Including an organic emitting material by means of an ink jet 
method; 

forming a second electrode on or above the luminescent layers; and 
disposing a protective material on or above the second electrode. 

2. A method of manufacturing an organic EL element as claimed in claim 1 . wherein the organic emitting material is 
a polymer organic compound. 

3. A method of manufacturing an organic feL element as claimed In claim 2. wherein the polymer organic compound 
is a material having functions of hole injection and hole transfer. 

4 A method of manufacturing an organic EL element as claimed In claim 2. wherein the polymer organic compound 
Is a polyparaphenylene vinylene or its derivative or a copolymer which contains at least either one of these com- 
pounds. 

5 A method of manufacturing an organic EL element as claimed in claim 1 . wherein three types of luminescent layers 
having three different colours are formed, and at least two types of luminescent layers in the three types of lumi- 
nescent layers are fomied by patteming by means of the ink-jet method. 

6 A method of manufacturing an organic EL element as claimed in claim 5. wherein said three colours include red, 
green and blue, and the red luminescent layer and the green luminescent layer are formed by patteming by means 
of the ink-jet method. 

7. A method of manufacturing an organic EL element as claimed in claim 6. wherein the blue luminescent layer (1 08) 
is formed by a vacuum deposition method. 

8. A method of manufacturing an organic EL element as claimed in claim 7. wherein the blue luminescent layer (1 08) 
is made of a material having functions of electron injectton and electron transfer. 
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9. A method of manufacturing an organic EL element as claimed in claim 1 , wherein at least one luminescent layer 
is laminated onto a hole injection and transfer layer. 

10. A method of manufacturing an organic EL element as claimed in claim 1 , further comprising the step of forming 
on or above said transparent substrate electrodes for driving the respective pixels. 

1 1 . A method of manufacturing an organic EL element as claimed in claim 1 . wherein said first electrodes are f omned 
as transparent first electrodes. 

12. An organic EL device, comprising: 

a transparent substrate; 

first electrodes provided on or above the transparent substrate; 

a luminescent layer fonmed of an organic emitting material on or above each of the first electrodes, an edge 
of the luminescent layer being positioned within an area occupied by the respective first electrode; 
a second electrode on or above the luminescent layers; and 
a protective film formed on or at>ove the second electrode. 

13. An organic EL device as claimed in claim 12, wherein the organic compound is a polymer organic compound. 

1 4. An organic EL device as claimed in claim 1 3. wherein the polymer organic compound is a material having functions 
of hole injection and hole transfer. 

15. An organic EL device as claimed in claim 13, wherein the polymer organic compound is a polyparaphenylene 
vinylene or its derivative or a copolymer which contains at least either one of these compounds. 

16. An organic EL device as claimed in claim 12, wherein three types of luminescent layers having three different 
colours are fonned. and at least two types of luminescent layers in the three types of luminescent layers are fomied 
by patteming t)y means of an ink-jet system. 

17. An organic EL device as claimed in claim 16. wherein said three colours Include red, green and blue, and the red 
luminescent layer and the green luminescent layer are patterned by means of the lnk-|et system. 

1 8. An organic EL device as claimed in claim 1 7. wherein the blue luminescent layer is formed by a vacuum deposition 
method. 

19. An organic EL device as claimed in claim 18, wherein the blue luminescent layer is made of a material having 
functions of electron injection and electron transfer. 

20. An organic EL device as claimed in claim 1 2. wherein at least one luminescent layer is laminated onto an electron 
injection and transfer layer. 

21 . An organic EL device as claimed in claim 1 2. wherein said first electrodes are formed as transparent first electrodes. 



Patentanspruche 

1. Verfahren zur Herstellung eines organischen EL-Elements. umfassend: 

Ausbilden von ersten Elektroden auf Oder ut>er elnem transparenten Substrat; 

Ausbilden einer Lumineszenzschteht auf Jeder der ersten Elektroden oder einer Schicht, die auf Oder uber 
jeder der ersten Elektroden ausgebildet worden ist, durch Abgeben einer flussigen Zusammensetzung. die 
ein organisches emittierendes Material enthait, mittels eines Tintenstrahlverfahrens; 
Ausbilden einer zweiten Elektrode auf Oder uber den Lumineszenzschtehten; und 
Aufbringen eines Schutzmaterials auf oder uber der zweiten Elektrode. 

2. Verfahren zur HersteHung eines organischen EL-Bements nach Anspruch 1 . bei dem das organische emittierende 
Material eine organis<^e Polymerzusammensetzung ist 
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3 Verfahren zur Herstellung eines organischen EL-Elements nach Anspruch 2. bei dem die organische Polymerzu- 
sammensetzung ein Material 1st. das Funktlonen einer Lochinjektion und einer Lochubertragung aufweist 

4 Verfahren zur Herstellung eines organischen EL-Elements nach Anspruch 2, toel dem die organische Polymerzu- 
' sammensetzung ein Polyparaphenylen-Vinylen Oder dessen Derivat Oder ein Copolymer ist. das wenigstens eine 

dieser Zusammensetzungen enthatt 

5 Verfahren zur Herstellung eines organischen EL-Elements nach Anspruch 1 . bei dem drei Typen von Lumines- 
zenzschlchten mit drei verschledenen Farben ausgebiWet werden. wobel wenigstens zwei Typen von Lumines- 
zenzschichten in den drei Typen von Lumineszenzschichten durch Musterung mittels des Tmtenstrahlverfahrens 
ausgebildet werden. 

6 Verfahren zur Herstellung eines organischen EL-Elements nach Anspruch 5. bei dem die drei -Farben Rot. GrOn 
und Blau enthalten. wobei die rote Lumineszenzschicht und die grune Lumineszenzschlcht durch Musterung mit- 
tels des Tlntenstrahlverfahrens ausgebildet werden. 

7. Verfahren zur Herstellung eines organischen EL-Elements nach Anspruch 6. bei dem die blaue Lumineszenz- 
schicht (1 08) mittels eines Vakuumabscheidungsverfahrens ausgebiMet wird. 

8 Verfahren zur Herstellung eines organischen EL-Elements nach Anspruch 7. bei dem die blaue Lumineszenz- 
schicht (1 08) aus einem Material gefertigt wird, das Funktionen der Elektroneninjektton und der Elektronenuber- 
tragung aufweist. 

9. verfahren zur Herstellung eines organischen EL-Elements nach Anspruch 1 , bei dem wenigstens eine Lumines- 
zenzschicht auf einer Lochinjektions- und -ubertragungsschteht laminiert wird. 

10 Verfahren zur Herstellung eines organischen EL-Elements nach Anspruch 1 , dasfemerdenSchrittdes Ausbiidens 
' von Elektroden auf Oder uber dem transparenten Substrat zum Ansteuem der jeweiligen Pixel umfasst. 

11. Verfahren zur Herstellung eines organischen EL-Elements nach Anspruch 1, bei dem die ersten Elektroden als 
transparente erste Elektroden ausgebildet werden. 

12. Organische EL-Vorrichtung, umfassend: 

ein transparentes Substrat; 

erste Elektroden. die auf Oder uber dem transparenten Substrat vorgesehen sind; 

eine Lumineszenzschicht. die aus einem organischen emittierenden Material auf oder uber jeder der ersten 

Elektroden ausgebildet ist. wobei eine Kante der Lumineszenzschtoht innerhalb einer -Flache angeordnet ist. 

die von der jeweiligen ersten Elektrode belegt ist; 

eine zweite Elektrode auf oder uber den Lumineszenzschichten; und 

einen Schutzfilm. der auf oder uber der zweiten Elektrode ausgebildet ist. 

13. Organische EL-Vorrichtung nach Anspruch 12, bei der das organische emittierende Material eine organische Po- 
lymerzusammensetzung ist. 

14. Organische EL-Vorrichtung nach Anspruch 13. bei der die organische Polymerzusammensetzung ein Material ist, 
das Funktionen einer Lochinjektton und einer LochQbertragung aufweist 

15 Organische EL-Vorrichtung nach Anspruch 13. bei der die organische Polymerzusammensetzung ein Polypara- 
' phenylen-Vinylen oder dessen Derivat Oder ein Copolymer ist, das wenigstens eine dieser Zusammensetzungen 

enthalt 

16 Organische EL-Vorrichtung nach Anspruch 12, bei der drei Typen von Lumineszenschichten mit drei verschie- 
' denen FariDen ausgebildet werden, wobei wenigstens zwei Typen von Lumineszenzschichten tn den drei Typen 

von Lumineszenzschichten durch Musterung mittels des Tlntenstrahtverfahrens ausgebildet werden. 

17 Orgamsche EL-Vorrichtung nach Anspmch 16. bei der die drei Farben Rot. Grun und BTau enflialfeh. woUei die 
" rote Lumineszenzschicht und die grune Lumineszenzschicht durch Musterung mittels des Ttntenstrahlsystems 
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ausgebildet werden. 

18. Organlsche EL-Vorrichtung nach Anspruch 17, bei der die blaue Lumineszenzschicht mittete aines Vakuumab- 
scheidungsverfahrens ausgebildet wird. 

19. Organische EL-Vorrichtung nach Anspruch 1 8, bei der die blaue Lumineszenzschicht aus einem Material gefertigt 
wird, das Funktionen der Elektroneninjektion und der Elektronenubertragung aufweist. 

20. Organische EL-Vomchtung nach Anspruch 12, bei der wenigstens eine Lumineszenzschicht auf einer Lodiinjetc- 
tions- und -ubertragungsschtcht lamlniert ist. 

21. Organische EL-Vorrichtung nach Anspruch 12, bei der die ersten Elektroden als transparente erste Elektroden 
ausgebildet sind. 

Revendlcatlons 

1. Proc6d6 de fabrication d'un Element organique EL, comprenant : 

la formation de premieres electrodes sur ou au-dessus d'un suljstrat transparent ; 

la formation d'une couche luminescente sur chacune des premieres electrodes ou d'une couche form6e sur 

ou au-dessus de chacune des premieres electrodes en dechargeant une composition liquide comportant une 

mati^re 6mettrice organique au moyen d'un proc6d6 ^ jet d'ertcre ; 

la formation d'une seconde Electrode sur ou au-dessus des couches luminescentes ; et 

le depot d'une matiere de protection sur ou au-dessus de la seoonde Electrode. 

2. Precede de fabrication d'un Element organique EL selon la revendication 1, dans lequel la matiere 6mettrtee or- 
ganique est un compost organique polym^re. 

3. Proc^dS de fabricatton d'un 6l6ment organique EL selon la revendication 2, dans lequel le compose organk^ue 
polymfere est une matl^re ayant des fonctions d'injection de trous et de transfert de trous. 

4. Proc6de de fabrication d'un element organique EL selon la revendication 2, dans lequel le oompos§ organique 
polym^re est un vinyl6ne polyparaphenylene ou son derive ou un copolymdre qui contient au moins Tun quelconque 
de ces composes. 

5. Proc^6 de fabrication d'un element organique EL selon la revendication 1 , dans lequel trois types de couches 
luminescentes ayant trois couleurs differentes sont formes, et au moins deux types de couches luminescentes 
parmi les trois types de couches luminescentes sont formSs par une formation de motifs au moyen du proc^6 a 

jet d'encre. 

6. Precede de fabrication d'un element organique EL selon la revendication 5. dans lequel lesdites trois couleurs 
comprennent le rouge, le vert et le bleu, et la couche luminescente rouge et la couche luminescente verte sont 
form^es par une formation de motifs au moyen du precede k jet d'encre. 

7. Proc6d6 de fabrk^atlon d'un Element organique EL selon la revendicatton 6, dans lequel la couche luminescente 
bleue (108) est formde par un procM6 de d6pdt sous vide. 

8. Proc6de de fabrication d'un §l6ment organique EL selon la revendication 7. dans lequel la couche luminescente 
bleue (108) est faite d'une matiere ayant les fonctions d'injection d'^lectrons et de transfert d'6lectrons. 

9. Proc^d de fabrication d'un element organique EL selon ta revendication 1 , dans lequel au moins une couche 
luminescente est laminae sur une couche de transfert et d'injection de trous. 

10. Proced6 de fabrication d'un element organique EL selon la revendication 1 , comprenant de plus I'^tape de fomia- 
tion sur ou au-dessus desdites electrodes de substrat transparent pour piloter les pixels respectifs. 

11. Precede de fabrication d'un element organique EL selon la revendication 1, dans lequel lesdites premieres 6lec- 
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trodes sont fornixes en tant que premieres electrodes transparentes. 

12. Dispositif organique EL. comprenant : 

un substrat transparent ; 

des premieres 6lecUodes disposees sur ou au-dessus du substrat transparent ; 

une couche luminescente forni^e d'une matifere emettrice organique sur ou au-dessus de chacune des pre- 
mieres Electrodes, un bord de la couche luminescente 6tant positlonn6 k iHnt6rieur d'une zone occup6e par 

la premiere Electrode respective : 

une seconde electrode sur ou au-dessus des couches luminescentes ; et 
un film de protection fomi6 sur ou au-dessus de la seconde Electrode. 

13. Dispositif organique EL selon la revendication 12. dans lequel lecomposE organique est un composE organique 
polymEre. 

14. Dispositrf organique EL selon la revendication 13. dans lequel le composE organique polymEre est une matiere 
ayant les fonctions d'injection de trous et de transfert de trous. 

15 Dispositif organique EL selon la revendication 1 3. dans lequel te composE organique polymEre est un vinylEne 
' polyparaphEnylEne ou son dErivE ou un copolymere qui contlent au moins I'un quelconque de ces composes. 

16 Dispositif organique EL selon la revendication 12. dans lequel trois types de couches luminescentes ayant trois 
' couleurs differentes sont fomiEs. et au moins deux types de couches luminescentes pamii les trois types de cou- 
ches luminescentes sont formEs par une fomnation de motifs au moyen d'un systEme E jet d'encre. 

17 Dispositif organique EL selon la revendication 1 6. dans lequel lesdites troiscouleurs comprennent le rouge, le vert 
' et le bleu, et la couche luminescente rouge et la couche luminescente verte sont fonnEes par une formation de 

motifs au moyen du systEme E jet d'encre. 

18. Dispositif organique EL selon la revendication 17, dans lequel la couche luminescente bleue est formEe par un 
procEdE de dEpdt sous vide. 

19. Dispositif organique EL selon la revendication 1 8. dans lequel la couche luminescente bteue est faite d'une matiere 
ayant les fonctions d'injection d'Electrons et de transfert d'Electrons. 

20. Dispositif organique EL selon la revendication 1 2. dans lequel au moins une couche luminescente est laminEe sur 
une couche de transfert et d'injection d'Electrons. 

21 . Dispositif organique EL selon la revendication 1 2. dans lequel lesdites premieres Electrodes sont formEes en tant 
que premiEres Electrodes transparentes. 
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FIG. 2 
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FIG. 4 
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FIG. 5 
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FIG. 7 
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FIG. 8 




31 



EP 0 880 303 B1 



FIG. 9 
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FIG- 12 
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FIG. 13 
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FIG. 14 
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FIG. 15 
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